Influence of p53 and caspase 3 activity on cell death and senescence in response to methotrexate in the breast tumor cell.
The influence of p53 function and caspase 3 activity on the capacity of the antifolate, methotrexate, to promote senescence arrest and apoptotic cell death was investigated in breast tumor cells. In p53 wild-type, but caspase 3 deficient MCF-7 breast tumor cells, death of approximately 40% of the cell population was observed immediately after acute exposure to 10 microM methotrexate (the IC80 value for a 2 h drug exposure). There was no evidence of either DNA fragmentation, a sub G0 population or morphological alterations indicative of apoptosis; however, PARP cleavage was detected. Cell death was succeeded by growth arrest for at least 72 h--where arrest was characterized by expression of the senescence marker, beta-galactosidase. The response to methotrexate in MCF-7/E6 cells with attenuated p53 function was also primarily growth arrest--but lacking characteristics of senescence. In contrast, MCF-7 cells which expressed caspase 3 demonstrated a gradual and continuous loss of cell viability and unequivocal morphological evidence of apoptosis. DNA fragmentation indicative of apoptosis was also detected after exposure to methotrexate in p53 mutant MDA-MB231 breast tumor cells which also express caspase 3. Methotrexate-induced both p53 and p21waf1/cip1 in MCF-7 cells within 6 h; however, no significant DNA strand breakage was evident before 18 h, suggesting that the induction of p53 reflects a response to cellular stress other than DNA damage, such as nucleotide depletion. Overall, these studies suggest that the nature of the cellular response to methotrexate depends, in large part, on p53 and caspase function. p53 appears to be required for methotrexate-induced senescence, but not apoptosis, caspase 3 is required for DNA fragmentation and the morphological changes associated with apoptosis, while neither p53 nor caspase 3 are required for methotrexate-induced growth arrest. Furthermore, the senescence phenotype may occur in the absence of direct DNA damage.